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Introduction
In re cent years, us ing of wind as re new able source of en ergy is un der go ing rapid de vel op ment. Wind as "the fuel" is very at trac tive, es pe cially in ar eas where the transmis sion in fra struc ture is not fully de vel oped for several rea sons: -"the fuel" there is no cost, -there is no need to purchase, transport, and store expensive fuels, -its use is flexible, both for households and industries, and -it belongs to the class of "clear technologies" -it does not produce any harmful emissions in the process of electricity generation, unlike other technologies, based on fossil fuels. As per in for ma tion pre sented by EWEA (Eu ro pean Wind En ergy As so ci a tion), fig. 1 [1] , by the end of 2005, to tal in stalled ca pac ity of wind tur bine gen er a tors (WTGs) in Eu rope was 40,800 MW with par tic i pa tion of Ger many 45.5%, Spain 24.7%, Den mark 7.7%, and other coun tries 22.1%. On the world level, as per IEA (In ter na tional En ergy Agency) fore cast [2, 3] un til the year 2020, an in stalled ca pac ity of 1,245 MW is expected to be achieved, with the an nual pro duc tion ca pa ble of match ing 12% of total world's demand for electricity.
Based on world ex pe ri ence, Min is try of Sci ence and En vi ron men tal Pro tec tion of Ser bia paid spe cial at ten tion to al ter na tive and re new able en ergy sources within the Na tional En ergy Ef fi ciency Pro gram (NEEP). This pa per pres ents some of the re sults related to use of wind en ergy fa cil i ties for re gional elec tric ity sup ply within moun tain ar eas of Ser bia, on example of Vlasina region.
Vlasina wind project -general information
Wind power plants that have been im ple mented so far, both in Eu rope and the rest of the World, are pre dom i nantly lo cated in flat re gions or off shore, 1-12 km from the sea coast. Since the ter ri tory of the Re pub lic of Ser bia is pre dom i nantly hilly, the fo cus of our in ter est was ori ented to pos si bil i ties of wind use in moun tain ar eas. For these rea sons, the Vlasina wind pro ject has been ini ti ated, with the pur pose, as fol lows: -to evaluate energy and economic feasibility of wind energy use for the electrical energy production in mountain areas of Serbia, -to demonstrate the use of wind as the renewable energy source for the electrical energy production in region of Vlasina, and -to analyze effects and experiences for future wind energy projects within the country.
As per the NEEP rules, the par tic i pants on the pro ject were Sci en tific Re search and De vel op ment Cen tre (NIRC) of Energoprojekt Com pany (as re search or ga ni za tion), EPE ENTEL, EPE Ar chi tec ture and Ur ban Plan ning, as well as Energovlasina Surdulica (as us ers of the re search re sults), and CLEPS AB Tingstäde, Swe den (as the part ner for pro ject im ple men ta tion).
Fol low ing ac tiv i ties are planned within the Vlasina wind pro ject: -choice of the wind energy plant location, -data collection (measurement) and analysis of wind energy potential in Vlasina region, -choice of WTG concept -unit type and size, its connection to the electrical network and environmental impact assessment, -design and technical specification preparation for equipment purchase and erection works, -equipment delivery and erection works, and -supervision of plant operation and effects evaluation.
Location choice
Vlasina re gion as the pos si ble lo ca tion of wind power plant was se lected for several rea sons: -this area has perspective development plans to become tourist area based on Vlasina lake, -in this area there is no any "dirty" industry as a source of pollution, -the "Energovlasina Surdulica" is a local company established by Energoprojekt and local municipality, that enables the local support to project implementation, -within the main planning document for this region [4] it is foreseen to build the wind energy production facilities, and -water pumping station PAP Lisina located in this area enables to overwhelm "bursty" nature of wind -electrical energy produced by wind is possible to be used for pump supply and transport of the water to Vlasina storage lake, to be used in existing hydropower system "Vlasina", when it is necessary from the aspect of optimum system operation.
Wind potential assessment
Pre par ing to wind mea sure ments, we com mit ted pro fes sional in sti tu tion to carry out wind flow anal y sis of the area of in ter est. The sub ject of anal y sis was square ter ri tory 5 ´ 5 km, with cen ter po si tioned at Golemi Vrh, fig. 2 . Com pu ta tional fluid dy nam ics (CFD) anal y ses were per formed for three cases of wind di rec tion (S-SE, N-NW, and S-SW), as sum ing that wind speed is 6 m/s. Re sults of analy sis [5] 
Mea sure ments started in the mid dle of De cem ber 2004, and it was planned to be col lected within the pe riod at least 12 months, with in terme di ate check points af ter 3 and 6 months. Fig ures 4 to 7 pres ent part of the re sults that have been re corded so far [6] . Re sults that have been re corded so far show that the dom i nant wind di rec tion is N-NW, with the av erage wind speed about 5.7 m/s and wind speed higher than 5 m/s within 55% of time.
WTG type and unit size choice
The se lec tion of WTG type and unit size should al ways be a compro mise be tween eco nomic and tech ni cal is sues. We ana lysed techni cal char ac ter is tics of the most signif i cant world WTG sup pli ers, fig. 8 [7] and dif fer ent so lu tions -a wind tur bine with gear box (with asyn chron ous gen er ator), with out gear box (with syn chro nous gen er a tor) or a hy brid (gear box with syn chronous gen er a tor), di men sions, weight, unit size (from 850 kW to 2.3 MW), power con trol vari ants, etc. It was de cided to ap ply WTG with vari able speed asyn chron ous gen er a tor and hor i zon tal axis, and unit size of 850-1500 kW. There are many rea sons for this choice: -we expect that problems with smaller unit are easier, and it is better to gain the initial experience for future projects, -access roads for WTG transport to plant locations are now under the construction and size of particular unit is limited with transportation conditions, -the choice of asyn chron ous gen er ator is based on higher ro bust ness and lower in vest ment and op er a tion costs com par ing to syn chro nous one, and -the nearby source of reactive supply from overexcited synchronous motors is available in water pumping plant PAP Lisina.
Connection to electrical grid
This sub ject has two as pects, or ga ni za tional and tech ni cal. Or ga ni za tional view as sumes that if you want to pro mote re new able en ergy sources it is nec es sary to have clear reg u la tions and a per mis sion pro cess, which is not too com pli cated and does n't take long time for ap proval. The en ergy law of Re pub lic of Ser bia [8] de clared that re new able sources of en ergy pro duc tion are priv i leged. It es tab lishes frame works for ful fil ment of this con di tion. Also, it as sumes bring ing of some kind of PPA (Power Pur chase Agreement) that de fines price struc ture for sale of en ergy, ob li ga tion for net work op er a tor to pur chase, points of me ter ing, main te nance, grid avail abil ity, etc. Tech ni cal as pects cover tech ni cal con di tions and reg u la tions for con nec tion of these gen er a tion plants to 50 Hz AC elec tri cal net work.
In this par tic u lar case, we pro posed the di rect con nec tion of WTGs to 50 Hz elec tric ity net work, on dis tri bu tion level of 10-35 kV by means of back-to-back solid-state con verter/in verter system.
WTG environmental impact assessment
Pre lim i nary en vi ron men tal im pact as sess ment for the Vlasina wind pro ject covered sev eral dif fer ent as pects -vi sual, land use, pol lu tion re duc tion, mor tal ity of birds, noise lev els, etc. It was con cluded that there are no any neg a tive ef fects of the pro ject to the en vi ron ment within the re gion. Wind farm lo ca tion fore seen at about 1750 m a.s.l. is far from ur ban ar eas that re duces im pacts re lated to vi sual, land use, as well as noise level prob lems. As per our knowl edge, there is no any spe cial rea son to ex pect bird mor tal ity to be at a higher level than be fore -world ex pe ri ence shows that dom i nant cause of bird deaths are hunt ing, over head power lines, traf fic, cats, etc., with par tic i pa tion of WTGs, if ex ists, of only 0,1%.
Electricity price aspects
The es tab lish ing of wind power plants is an ex pen sive in vest ment pro ject, but not more ex pen sive than for other en ergy pro duc tion plants. De pend ing on the way of cal cu la tion dif fer ent fig ures could be ob tained. If you take into ac count the cost of en viron ment de struc tion, han dling of dis pos als and ex trac tion of raw ma te rial, wind power is the cheap est re new able al ter na tive on the mar ket to day avail able, and among the cheapest over all. In this phase of the pro ject, the main ef fort is con cen trated to col lect ing data re lated to wind po ten tial in the sub ject re gion. Ac tiv i ties re lated to as sess ment of economic ef fects have been just started, based on the pre lim i nary re sults of wind po ten tial mea sure ments and pos si ble plant gen er a tion. They will be the main subject of research in the future period.
Ex pe ri ence gained in other coun tries shows [6] that in vest ment costs vary between 900 and 1150 € per in stalled kW (fig ures based on the year 2004) , and these costs con sist 75-80% of to tal en ergy costs. Op er a tion and main te nance costs are on the level be tween 1.2-1.5 c€/kWh. Ex pected long-term cost re duc tion sce nar ios for wind power show that up to 2015, cost of en ergy pro duced from wind will be re duced to the cur rent level of the cost of en ergy pro duced from con ven tional fos sil fuel based sources.
Conclusions
This pa per pres ents ac tiv i ties and re sults have been achieved so far re lated to Vlasina Wind Pro ject as the first step of wind en ergy pro duc tion tech nol ogy use in Serbia. Based on the fact that wind po ten tial mea sure ment re sults are prom is ing, some ac tivi ties started with the aim to pre pare the base for im ple men ta tion of fu ture wind farms for re gional elec tric ity pro duc tion within the sub ject mountain region of Serbia [7] .
